In humans caffeine stimulates thermogenesis by unknown mechanisms and its effect on body weight has not been studied. 
and its effect on body weight has not been studied. (5) found that a cup of coffee (4 mg caffeine/kg body wt) consumed with a meal produced a significantly greater thermic response than that which followed the intake ofthe same meal with a cup ofdecaffeinated coffee, this difference can be almost totally accounted for by the thermic effect of the caffeine. Another study also found an increased energy expenditure by caffeinated coffee (100 mg caffeine) compared with decaffeinated coffee (6 mg) (6). The third study found a reduced thermogenic response to caffeine (4 mg/kg ideal body wt) in obese and postobese patients compared with lean control subjects (7). It appears that only a few different doses of caffeine have been studied, and other constituents of coffee than caffeine may influence lipid metabolism (8). The thermogenic profile and the mechanisms behind this action of caffeine are poorly understood.
The present study was undertaken to provide results from normal adults in a double-blind, placebo-controlled dose-response study with respect to the thermogenic, cardiovascular, and metabolic effects of caffeine and to relate the responses to the plasma concentrations ofcaffeine and its metabolites.
Subjects and methods

Experimental design
The study was designed as a placebo-controlled, 
Test substances
The test substances were given orally as gelatin capsules, contaming either placebo (lactose) or caffeine (100, 200, or 400 mg). All capsules had the same appearance and weight; lactose was used as an inactive additive to fill them. The capsules were swallowed with 300 mL tap water (20 #{176}C).
Experimental protocol
The experimental subjects abstained from food, coffee, tea, (Table 3) .
Insulin and Cpeptide
Plasma insulin concentration decreased significantly below baseline after placebo and 100 and 200 mg caffeine (Fig 4) , Mean values (±SEM) offive to six subjects. whereas a small increase was noted between 60 and 90 mm after intake of400 mg caffeine (p < 0.05). When the responses from baseline were compared with placebo no difference could be detected (Table 2 ). However, there was a positive correlation between the caffeine dose and both plasma caffeine response and glucose response ( (Fig 6) . Initially, heart rate decreased by 3-4 beats/mm 30-90 mm after the intake and subsequently increased again at 90-1 80 mm. Only after 400 mg caffeine was the final increase significantly above baseline.
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. 1ime after Caffeine intake (mm) However, when all plasma substrate and hormone responses to caffeine, age, body weight, lean body mass, blood pressures, and heart rate as independent variables were included in a stepwise-selection regression analysis against the thermogenic response as the dependent variable, the serum caffeine response was excluded and the heart rate increase was included, yielding the following equation (Table 4) Table 2 ). However, a significant positive correlation was found between the increase in plasma caffeine and both plasma glucose and insulin (Table  3) . Furthermore, a pronounced increase was observed in plasma lactate after 400 mg caffeine (Fig 3) , an effect that appeared to be dose-dependent ( by 10 mm Hg whereas heart rate showed a diphasic decrease after the first hour followed by an increase above baseline after 2 h (10). However, in a subsequent study Robertson et al (9) found that during chronic caffeine intake an essentially complete tolerance developed to these effects after 1-4 d of con-
Because a modest daily caffeine intake was allowed in the present study, our subjects may have developed partial tolerance. This could explain why only the highest dose of caffeine had a substantial effect on blood pressure (Fig 6) . The diphasic response in heart rate was found after 400 mg caffeine (Fig 6) . (Fig I) . The magnitude of the thermogenic response was clearly underestimated because the energy expenditure had not returned to baseline levels when the measurements were ended 3 h after the intake (Fig  2) 
